ABSTRACT
INTRODUCTION
The modern food industry is becoming more and more dependent on the production of highly processed foods, instead of just preserving raw material obtained in the field. A lot of this development, however, has been a result of the creativity or empirical manipulation, many times by trials and errors procedures, of ingredients with little scientific information. One such class of polysaccharides is hydrocolloids or gums and their most important characteristic is the ability to define or modify the structure of foods (Sutherland, 2001) . Polysaccharides of microbial sources, called biopolymers, exhibit some advantages when compared to other gums, such as the production not dependent on climate conditions, possibility of using regional resources, faster finished product and need of less physical space for manufacturing installations. In addition, they exhibit more uniform physical and chemical characteristics due to microorganism specificity and possibility of a strict fermentation process control of parameters such as pH, temperature, aeration rate, agitation speed, time and culture medium composition (Borsari et al., 2006) . Exopolysaccharide such as xantan, have been used for years by the food industry due to its thickening and stabilizing properties. Dextran is used in the pharmaceutical industry as glucose source. In spite of the fact that all of these exopolysaccharides exhibit attractive functional properties, the search for new bacterial polysaccharides continues to take place. Among these, levan offers potential advantages for applications in the health and food industries (Pace and Righelato, 1980) . Levan is a natural polymer of frutose with β 2-6 linkage. Many microorganism such as Bacillus subtilis, Aerobacter levanicum, Erwinia herbicola, Streptococcus salivarius and Zymomonas mobilis produce levan of high molecular weight when grown in sucrose medium. Levan has potential commercial importance as fructose sweetner, thickening agent in food industry, antitumoral agent and pharmaceutical application (Sangiliyandi et al., 2000) . The application potential of levan in the food and pharmaceutical sectors is stimulating an intense and constant search aiming for a better understanding of the metabolic pathways for their synthesis and physiological function. There is also an interest in the biology of the producing microorganisms aiming a regulation of their formation and optimization of the production process (Oliveira et al., 2007; ). This work had the aim to study the nutritional requirements of Z. mobilis CCT 4494 for levan production in three chemically defined medium were studied.
MATERIALS AND METHODS

Microorganism
Z. mobilis CCT 4494 was obtained from the Fundação Tropical de Pesquisas e Tecnologia
André Tosello (Campinas, Brazil).
Maintenance medium
The bacterial strain was cultivated and maintained in basal medium containing (g.L -1 ) clarified sugar cane broth 100.0, distilled water 30.0, CaCO 3 0.4, yeast extract 0.4, nutrient agar 1.5 and pH adjusted to 7.0 (Swings et al., 1977) . The strain was subcultured every two months. The culture was incubated at 30°C for 48 h and stored at 4°C.
Pre-inoculum preparation Z. mobilis CCT 4494 was activated in slants containing the maintenance medium by incubating at 30°C for 24 h. After the incubation time, bacterial cells were suspended by adding 5.0 mL of sterilized distilled water and transferred to 250 mL Erlenmeyer flasks containing 50 mL of the production medium with initial pH of 7.0. The flasks were placed on orbital shaker (model Marconi MA 830) under controlled temperature (30°C), 200 rpm, for 24 h period. The prefermentation medium used was made up medium 1, 2 or 3 with the addition of 20.0 g.L -1 of sucrose.
Fermentation
The Erlenmeyer flasks containing 50 mL of the production medium were inoculated with the bacterium suspension from the pre-fermentation and incubated in orbital shaker at 30 o C, 200 rpm for 72 h. Initial pH and temperature of the medium were established for each experiment. The bacterium suspension volume added to each flask was standardized in a spectrophotometer for OD as 0.3 at 650nm (Cintra 5 UV-VIS "Double Beam") and calculated the volume inoculum as described by Faria (2002) . The inoculum was equivalent to 0.28 mg dry cell weight /50 mL of fermentation medium.
Production medium
Three media, designated as production medium 1, 2 and 3, with the addition of different concentrations of carbon source (glucose, fructose and sucrose) and yeast extract for levan production. Medium 1, described by Euzenat et al. (1996) 
Kinetic parameters for levan production
Effect of different carbon sources Different concentrations of fructose, glucose and sucrose (1, 2, 3, 4 and 5%) were tested. Fermentations were carried out in triplicate by incubating on at 30 o C and 200 rpm for 72 h. Initial pH of the media was adjusted to 7.0 by the addition of 10 N NaOH or HCl.
Effect of high concentrations of sucrose
This experiment evaluated the influence of high concentrations of sucrose added in three media for biopolymer production. The fermentation conditions performed with the bacterium were similar to those of the previous experiment. The concentrations of sucrose were 10, 15 and 20%
Effect of incubation temperature and initial pH
The effects of these parameters on levan formation were studied in the medium 3 with 20% sucrose. Initial pH values were adjusted to 6.0; 7.0 and 8.0 with 10 N NaOH (± 0.5). Fermentations were carried out at 25, 30 and 35°C at 200 rpm, for 72 h.
Effect of yeast extract
The effect of different yeast extract concentrations (1.0 to 10.0, g.L -1 ) in medium 3 containing 20% sucrose was studied. Fermentations were carried at 30 0 C and 200 rpm, for 72 h; control experiment did not contain yeast extract in the medium.
Analytical Methods
The final pH was determined directly in the fermented broth obtained after the end of fermentation by potentiometry (pH meter model Digmed DM20). To determine the levan concentration, the samples from the fermented broth were centrifuged (Jouan model GR2022) at 3123 g and 4°C for 15 min The supernatant was mixed with three volumes of cooled ethanol (Jeanes et al., 1976) and the precipitate was dried in a vacuum oven at 45°C (Fanem, 0002CD) for approximately 24 h (Mello et al., 2007) . The levan yield was calculated by the ratio between the weight of the produced polysaccharide and weight of the carbon source intake. The production of the polysaccharide was quantified by estimating fructose according to Somogyi (1952) and Nelson (1944) method. For this, levan was separeted by ethanol precipitation, hydrolyzed in 0.5% HCl at 100°C for 60 minutes (Viikari, 1986) and estimated as fructose. The ash content of the crude polysaccharide was determined by method as described in Normas Técnicas do Instituto Adolfo Lutz (1985) . Cellular mass (CM) was determined through the by dry cellular weight in vacuum oven, at 45°C (Fanem, 0002CD). Total reducing sugar (TRS) and reducing sugar (RS) were measured by the Dinitrosalicylic Acid Method (DNS) as described by Miller (1959) . Total reducing sugar was determined after acid hydrolysis with HCl (1N) according to Amorin (1982) . The residual sucrose was obtained by difference between ART and AR.
RESULTS AND DISCUSSION
The effect of cultivation conditions for the production of extracellular polysaccharides by microbial species has been studied for cultures undergoing growth as well as for cells in suspensions. Limitations of nitrogen, phosphate or sulfur sources in the presence of carbohydrates in excess have also been studied. It has been noted that they could lead to an increase of polysaccharide synthesis although the quantity is also affected by oxygen content, pH and temperature. Each strain presents different responses towards the environmental changes and towards the use of carbon source. Ideal conditions for microbial development and for polysaccharide production in batch cultures are also affected by the proportion between the air and medium volume, use of agitation or steady state, inoculum size and also the nutrients that make up the culture medium (Ernandes and Garcia-Cruz, 2005; . Thus, in this study, some chemical compounds present in different media suggested as essential part of the nutritional requirements of Z. mobilis were tested.
Effect of different carbon sources
According to Doelle et al. (1989) and Park and Baratti (1993) , many microorganisms need high sugar concentrations for levan production. To verify this hypothesis and to determine the ideal substrate concentration for the biopolymer production, different concentrations of fructose, glucose and sucrose were tested for Z. mobilis CCT 4494. Results are presented in Table 1 . In the different production media the culture displayed different behaviors, and its growth was directly affected by carbon source and by its concentration. The culture grew in pH range from 3.6 to 5.9 in the media tested. Z. mobilis didn't produce levan in media 1 and 2. The biopolymer was synthesized only in medium 3 and the pH values that resulted in better yields were between 4.0 and 5.5 (Table 1) . Similar values were reported by Lyness and Doelle (1983) , suporting that pH was an important factor for the polysaccharide production, since high or very low values repressed levansucrase, the enzyme responsible for the biopolymer formation. Generally, as carbon source increased, there was an increase of cellular mass. This could be seen in Table 1 , where fructose and glucose only stimulated bacterial growth. This Table showed that sucrose, besides stimulating the cellular growth, also promoted levan synthesis, which indicated selectiveness of the sugars used as substrate. Similar results, regarding the restricted use of sugars as substrate for levan production, were also found by other researchers. Dadds and Martin (1973) , for example, reported that Z. mobilis needed a fermentative sugar in its culture medium to grow, such as glucose or fructose or even, for some strains, sucrose. However, Ribbons et al. (1962) stated that this microorganism produced levan only from sucrose and not from glucose, fructose or a mixture of both. In the present study, although glucose medium did not result in levan production the cellular growth rate of the culture was higher than in media containing sucrose and fructose. The highest cellular mass was 3.3 g.L -1 in medium 3, which contained initial glucose concentration of 50.0 g.L -1 . Dawes et al. (1966) obtained the same results and observed that medium containing sucrose gave the lowest growth and the highest levan production. Cote and Ahlgren (1993) studied the growth of Erwinia herbicola and the production of levansucrase in different fermentation media. They compared the cellular densities and observed a lower cell concentration when fructose was used as the carbon source. In the present study, fructose resulted the lowest cellular growth in media 2 and 3, with exception of medium 1 where fructose was better than sucrose. The biopolymer production in medium 3 was 16.0 and 23.8% with 4.0 and 5.0% of sucrose, respectively. In media 1 and 2 also containing sucrose, the bacteria did not produce levan. Regarding Total Reducing Sugar (TRS), it was noted that sucrose intake by the bacteria was proportional to levan synthesis, in the conditions provided to the bacteria during the fermentative process, reaching intake values of 23.7 g.L -1 (59.2%) and 39.1 g.L -1 (78.2%) with 4 and 5% sucrose, respectively in medium 3 (Table 1) . These results showed that during fermentation, the carbon source was converted by the microbial cell into biopolymer under defined parameters (pH, temperature, incubation time, etc.), and that the limiting concentrations of some nutrients and the higher concentration of carbohydrate favored the polysaccharide production as observed by Sutherland (2001) .
Effect of high concentrations of sucrose
The results of the effect of sucrose addition regarding final pH value, cell mass concentration, levan concentration, yield total, reducing sugar and consumed sucrose after 72 h of fermentation and ash content of the polysaccharide produced are presented in Table 2 . Evidently the carbon source used was an excellent substrate for the growth of Z. mobilis and also, as its concentration increased, cell mass and levan yield also increased. The results indicated that the increase in sucrose concentration did not only favor the cell growth but also levan formation. (Fig. 1) . Vinhas (1999) compared different Z. mobilis strains for levan production using 200 and 250 g.L -1 sucrose at 25°C for 72 h and the results showed that the best producing strain was Z. mobilis ZAG-12, and that the best fermentation conditions were with initial sucrose concentration of 200 g.L -1 and without agitation. Levan production by Z. mobilis CCT 4494 in media 1, 2 and 3 containing different concentrations of sucrose at 30°C and 200 rpm for 72 h As shown in Figure 1 in medium 1, the ideal sucrose concentration was 150 g.L -1 , with a 33.2% (49.8 g.L -1 ) yield. Some other studies have also reported 150 g.L -1 of initial sucrose as optimum for levan formation by Z. mobilis strains. Viikari and Gisler (1986) varied initial sucrose concentration (50; 100; 150 and 250 g.L -1 ) and found maximum levan formation with 150 g.L -1 of substrate. Gunasekaran (1999, 1999a) produced levan with mutant strains of Z. mobilis (ZML1 and ZML2) obtained through the treatment with NTG (N-methyl N'-nitro Nnitroso guanidine), which produced maximum levan concentration of 21.6 and 20.0 g.L -1 , respectively in 24 h of fermentation at 30°C with 150g.L -1 of sucrose. In the present experiment, levan synthesis was higher than the one from Ananthalakshmy and Gunasekaran (1999) when using the same sucrose concentration. This difference was probably due to the fermentation conditions used in this study where fermentation time was longer (72 h). However, in another study, Yoshida et al. (1990) isolated, a strain of Z. mobilis (IN-17-10) from palm juice in southern Asia that produced large quantities of levan (79.5 g.L -1 ) in medium containing 150 g.L -1 of sucrose, which was higher compared to the present study. According to the results from the study of the effect of different carbon sources tested in the three media (Table 2) , it was seen that maximum quantity of levan formed was the same as the maximum amount of consumed substrate. In medium 3 (200 g.L -1 of sucrose) the biopolymer production reached 42.7 g.L -1 and TRS was 15.3 g.L -1 for a total intake of 184.7 g.L -1 of substrate consumed (Sc) ( Table 2) . Wendt (2001) during a study on levan production by Z. mobilis observed that as fermentation proceeded, pH decreased to a value between 3.8 to 4.5, due to acid formation; however, the microorganism tolerated low pH values. Similar results for pH variation were observed in the experiments 1 and 2 and it was also seen that the lowest pH values were found in the highest sucrose concentration tested and that, consequently, favored higher yields of the biopolymer. Based on results from experiments 1 and 2, it could be said that the sucrose used as carbon source became the main factor with a positive influence on reaching high yields of the biopolymer. The culture better adapted to medium 3. This was directly related to the different compositions of the media, since growth and levan formation were affected not only by the carbon source but also by the presence of some chemical compounds in the fermentation medium (Belaich and Senez, 1965, Bechers et al., 2002) . Belaich and Senez (1965) demonstrated that many organic compounds from peptone or yeast extract were not used as energy sources for the growth, but as constructive blocks for levan biosynthesis. In the present experiment, the effect of 5 g.L -1 of yeast extract added to medium 3 positively influenced levan production, and this might have been one of the main factors for reaching better yields of the biopolymer. Similar results were observed by Wendt (2001) during a study with a mutant strain of Z. mobilis, which showed that this microorganism produced up to 30 g.L -1 of levan and that the yeast extract concentration influenced its synthesis. Moreover, the author reported that levan production was influenced not only by the relation between carbon/nitrogen, but also between organic/inorganic nitrogen. The presence of higher ammonium sulphate concentrations in media 1 (3.3 g.L -1 ) and 2 (2.0 g.L -1 ), when compared to medium 3 (1.0 g.L -1 ) might have inhibited the biopolymer synthesis, since, in spite of the studies confirming the need of nitrogen in the fermentation medium, it should be in small amounts, avoiding its negative influence on levan production. Table 2 showed that the ash content for the crude polysaccharide varied according to the different media compositions tested. The samples of levan produced in medium 3 exhibited low ash content when compared to the samples from media 2 and 3, in which the high salt concentrations might have interfered in the production. Garcia-Cruz (1997) studied the effect of the addition of different nitrogen sources for levan production and noted that there was no stimulation on the cellular growth pattern and that ammonium sulphate up to 50 mM promoted a slight increase in the polysaccharide production. Many studies have reported that cellular growth rate of Z. mobilis could be influenced by the concentrations of potassium, magnesium, calcium, sodium and chloride ions used. It was seen that the high potassium concentration in medium 2 provided higher bacterial growth rates when compared to the other media. The influence of ions was also noted by Jerez (1993) when studying the effect of the variation of potassium concentration and the study showed that growth rate and the amount of levan formed were proportional to the increase of potassium concentration up to 10 g.L -1 . In another study, Vigants et al. (1998) found that the effect of mineral salts such as KCl and NaCl not only enhanced levan production, but also exhibited a direct action on the enzyme levansucrase, responsible for the production of this product. Many enzymes of the Entner Doudoroff pathway require cofactors such as magnesium, calcium, potassium for levan production. Hoppner and Doelle (1983) reported that calcium and magnesium activated the pyruvate decarboxylase in Z. mobilis, whereas Bekers et al. (1999 Bekers et al. ( , 2001 observed that potassium activated the pyruvate quinase. The levan production by the Z. mobilis was studied by Oliveira et al. (2007) varying the carbon source (commercial sucrose, molasses and sugar cane syrups) and the fermentation medium constituents. Results showed a decrease in levan production in the molasses medium (2.53 g.L −1 ) when compared to the commercial sucrose (21.68 g.L −1 ) and syrup (15.45 g.L −1 ) media. Yeast extract and KH 2 PO 4 were significant in the commercial sucrose medium for levan production and in the syrup medium the yeast extract and MgSO 4 were significant. Although sugar cane syrup produced about 28.72% less levan compared to the commercial sucrose, biomass production in the syrup was 2.76 times higher than in the commercial sucrose (0.85 and 2.36 g.L −1 ) that could justify joint levan and Z. mobilis ATCC 31821 biomass production. Aeration is also considered a factor that influences levan production. According to Vinhas (1999) , during the biopolymer production by Z. mobilis it was not advantageous to promote the agitation, since it led to aeration which consequently damaged the cell and levan production. However, in the present study, agitation did not cause a decrease in levan production, which was also found by Han and Clarke (1990) , which reported that the polysaccharide production increased when the culture was slightly agitated during fermentation.
Effect of variation of incubation temperature and initial pH
The results as shown in Table 3 showed that Z. mobilis appeared to be osmotolerant and thermotolerant. The growth was proportional to pH and temperature increase, exhibiting biomass up to 6.7 g.L -1 in fermentation carried out at 35°C and pH 8.0. Lyness and Doelle (1983) and Doelle et al. (1989) reported that high fermentation temperatures (30 to 42°C) and high initial pH values (above 5.0) inhibited the production of levansucrase, responsible for levan formation by Z. mobilis. In another study, Jerez (1983) showed that the kinetic parameters were affected by temperature and pH control, since when using 37°C, with and without pH control, specific growth rate was higher and the amount of levan produced was lower when compared to 30°C. By the analysis of the temperatures tested, it could be seen that at 30°C, for initial pH of 6 and 7, levan yield was similar. At these initial pH values, average yield of the biopolymer remained around 42.8%, whereas as at initial pH of 8.0, the synthesis reduced to 34.4%. At 30°C, the cellular mass of Z. mobilis was approximately 4.5 g.L -1 . However, when the temperature was reduced from 30 to 25°C, the cellular mass decreased approximately to 4.2 g.L -1 (Table 3) . When comparing the yields of levan obtained at 25°C with pH variation, it was seen that the higher value was with initial pH of 7.0. The biopolymer produced at 25°C (41.7%) was similar to 30°C with initial pH of 7.0, with an average yield of 43.0%. For the other pH values tested at 25°C, the yields were 27.2% (pH 6.0) and 27.8% (pH 8.0), which were lower than the one obtained at 30°C as 42.7% (pH 6.0) and 34.4% (pH 8.0). These results did not agree with Bekers et al. (1999) which reported that optimum temperature for levan production was 25°C; however, these results were similar to the ones from Park and Baratti (1993) , which observed that best yields occurred at 30°C. Table 3 showed that at 35°C, the medium with pH 7.0 produced 79.5 g.L -1 (39.7%) of levan, which was lower when compared to the ones obtained at 25 and 30°C. Adjusting the initial pH to 6.0, the yield was 34.9% (69.9 g.L -1 ) with 100 g.L -1 sucrose, which was better than the one at 25°C (27.2%) and lower to the one at 30°C (42.7%). The final pH of the fermentation medium varied between 4.3 and 4.9. Other researchers also found similar values such as Doelle et al. (1989) , who reported that final pH after three days at 30°C in standard medium was between 4.8 and 5.2 and that this decrease represented the formation of acids and the microorganism's tolerance towards low pH values (Wendt, 2001 ). The highest levan synthesis occurred at final pH values from 4.4 to 4.6, which differed from the results of Park and Baratti (1993) , who reported that a pH between 4.0 and 5.5 during fermentation caused a good cellular growth, but a decrease in levan production. However, the present results were similar to Belghith et al. (1996) , who observed that levan formation was more significant in pH values lower than 6.0 and to the ones of Doelle et al. (1989) of approximately 5.0. Table 3 showed that sucrose intake for experiments with initial pH of 6.0 and 8.0 was much lower than that at 7.0. Residual sucrose, expressed as total reducing sugar (g.L -1 ), was 9.5 g.L -1 with initial pH 7.0 at optimum temperature for levan production (30°C). This possibly favored the extracellular sucrase and invertase activities, two of the three enzymes known to be responsible for sucrose hydrolysis (Doelle et al., 1989) . Based on the results, it could be concluded that pH of the medium and fermentation temperature were the critical factors that most influenced the biopolymer production, and that they must be controlled throughout the whole fermentation process
Effect of the variation of yeast extract
As noted during the evaluation of the effect of sucrose concentration, levan formation and cellular growth were affected not only by the carbon source but also by the presence of some chemical compounds in the fermentation medium. The quantity of the polysaccharide and cellular mass varied with the different yeast extract concentrations added to medium 3. Figure 2 showed that the growth of Z. mobilis was proportional to the increase in the concentration of yeast extract. However, the same did not occur for levan synthesis. The absence of yeast extract in the production medium promoted a cellular mass of 2.0 g.L -1 and as its concentration increased, cellular mass increased up to 12.6 g.L -1 with the highest concentration tested (10 g.L -1 ). For levan synthesis, the best concentration was 5g.L -1 of yeast extract with a yield of 42.5%, corresponding to 85 g.L -1 of the biopolymer and as its concentration increased, there was a decrease in yield to 34.2% (68.5 g.L -1 ) with 10 g.L -1 of yeast extract. Wendt (2001) studied a mutant strain of Z. mobilis obtained by treating the natural strain with NTG (N-methyl N'-nitro N-nitroso guanidine). The results showed that this mutant was able to produce up to 30 g.L -1 of levan and that yeast extract concentration influenced its synthesis. Figure 2 shows the effect of the addition of yeast extract regarding final pH value of fermentation medium. The addition of yeast extract kept final pH value around 4.2 during the 72 h of incubation. The analysis of TRS showed that the culture consumed small amounts of substrate in the lowest yeast extract concentration (1.0 -4.0 initial, g.L -1 ), which could have negatively interfered in levan synthesis. The high substrate intake could be directly related to the increase of cellular mass, since the culture's adaptation to the medium containing high concentrations of yeast extract (5 -10 g.L -1 ) favored its growth, as well as levan synthesis. These results supported the need to add yeast extract to the culture medium, but in small amounts to avoid its negative influence on levan synthesis as seen in Figure 2 . These values are similar to the ones of Cromie and Doelle (1980) , who reported that high yeast extract concentrations increased the cellular mass production, but not necessarily levan synthesis. However, the values are different from Ju et al. (1983) , who found 10 g.L -1 of yeast extract to be the optimum concentration for the biopolymer production. 
CONCLUSIONS
Of all the media tested for levan production, medium 3 was the one that most influenced the yields of the biopolymer. The results showed that medium containing 20% sucrose gave a 42.3% yield of the biopolymer, equivalent to 85.4 g.L -1 , while at concentrations of 10% and 15%, yields were lower, 26.1% (26.1 g.L -1 ) and 28.3% (42.7 g.L -1 ), respectively. Z. mobilis CCT 4494 exhibited growth proportional to the increase of yeast extract concentration added to medium 3, where 5.0 g.L -1 was the ideal concentration for levan synthesis. Fermentation carried out at initial pH range of 6.0 and 7.0 resulted in good amounts of levan that could be precipitated at the end of the process and the ones carried out at 30°C showed better results when compared to 25 and 35°C.
